Mechanism of ferripyoverdine uptake by Pseudomonas aeruginosa outer membrane transporter FpvA: no diffusion channel formed at any time during ferrisiderophore uptake.
To get access to iron, Pseudomonas aeruginosa produces the siderophore pyoverdine (PVD), composed of a fluorescent chromophore linked to an octapeptide, and its corresponding outer membrane transporter FpvA. This transporter is composed of three domains: a β-barrel inserted into the membrane, a plug that closes the channel formed by the barrel, and a signaling domain in the periplasm. The plug and the signaling domain are separated by a sequence of five residues called the TonB box, which is necessary for the interaction of FpvA with the inner membrane TonB protein. Genetic deletion of the plug domain resulted in the presence of a β-barrel in the outer membrane unable to bind and transport PVD-Fe. Expression of the soluble plug domain with the TonB box inhibited PVD-(55)Fe uptake most likely through interaction with TonB in the periplasm. A reconstituted FpvA in the bacterial outer membrane was obtained by the coexpression of separately encoded plug and β-barrel domains, each endowed with a signal sequence and a signaling domain. This resulted in polypeptide complementation after secretion across the cytoplasmic membrane. The reconstituted FpvA bound PVD-Fe with the same affinity as wild-type FpvA, indicating that the resulting transporter is correctly folded and reconstituted in the outer membrane. PVD-Fe uptake was TonB-dependent but 75% less efficient compared to wild-type FpvA. These data are consistent with a gated mechanism in which no open channel with a complete removal of the plug domain for PVD-Fe diffusion is formed in FpvA at any point during the uptake cycle.